Exposure of isolated hepatocytes to a polychlorinated biphenyl mixture induced a rapid loss of cell viability. 
INTRODUCTION
Polychlorinated biphenyls (PCBs) are a group of compounds widely used, especially in the past, for their chemical stability, heat resistance and low volatility.1-3 For their properties they must be considered as long-life environmental contaminants. These chemically inhert compounds tend to accumulate in the organisms, mainly in the fat tissue.4) As consequence of PCBs exposure different symptoms are reported, chiefly involving the skin and the immune system, but also the liver. The degree of toxicity is often depending on the number of chlorine on the biphenyl rings,2 but still unknown are the mechanisms by which PCBs exert their toxic effect. Due to their low reactivity they are too often considered to be untoxic and few informations are available about their effects on the cells.
In the present study we investigated if a PCBs mixture used as a dielectric oil in tension reducing machines exerted any toxic effect on isolated rat hepatocytes and tried to clarify the mechanism of it. et al.
MATERIALS AND METHODS

Chemicals
The PCBs mixture was characterized by mean of HP5890A gas chromatograph with a 5970 mass selective detector and an ultra 1 capillary column. It contains approximately 60 different isomers of PCBs with hexachlorobiphenyl being most abundant. The composition of the mixture is the following : 3 Cl : 1%; 4 Cl : 7%; 5 Cl: 23%; 6 Cl: 41%; 7 Cl: 20%; 8 Cl: 2%; 9 Cl: 0%.
Because it was not possible to determine the molecular weight of the mixture the concentration was expressed as part per million (ppm) in the incubation solution.
Collagenase 
RESULTS
As shown in Fig. 1 exposure of isolated hepatocytes to the PCBs mixture induces 100% death of the cells. The higher concentrations (1000 and 100 ppm): start to kill the cells after 30 min. In the case of the lower concentrations (10 ' and 1 ppm) not toxic effects were observed. The effect of PCBs mixture does not seem to be dose-dependent, but it appears that it has to be present at a threshold concentration in order to induce the cell death. On the other hand, the maximal effect is reached after 60 min by using 1000 ppm PCBs mixture and after 120 min by using 100 ppm PCBs mixture, this suggesting a time-dependent effect.
During the first 30 min all the cells, irrespectively of the concentration used, showed at the microscopical evaluation the formation of blebs on the membrane. In the cells treated with the lower concentrations they disappeared after 30 min, while in the case of the cells treated with the higher concentrations the hepatocytes started to die after 30 min. In order to evaluate a possible role for glutathione in the PCBs mixture induced cytotoxicity its content was also measured. At the concentration of 10 and 1 ppm a transitory depletion (30%) after 30 min it was observed, then the glutathione levels gradually returned to normal and were not different from control after 120 min of incubation. In the cells treated with 1000 and 100 ppm PCBs mixture a more marked depletion in the GSH content was observed during the first hour in parallel to cell death.
Protein sulfhydryl groups are considered to be critical for different cellular functions, small changes in protein sulfhydryl groups may result in cell damage and death9)
The content in protein sulfhydryl groups after PCBs mixture incubation was evaluated. When the hepatocytes were exposed to PCBs mixture the lower concentrations did not affect the protein sulfhydryl group content. In the case of the higher concentrations a significant decrease was observed after 60 min at the time in which the viability starts to be greately affected.
In order to better clarify a possible role for the sulfhydryl groups during the PCBs toxicity, hepatocytes were incubated with 1 mM N-acetylcysteine, a precur- sor of glutathione and a good reducing agent, and 1000 ppm PCBs mixture. In association with N-Acetylcysteine PCBs mixture does not deplete the glutathione content after 30 min, but not protection is observed on the cell viability.
After 120 min the treatment with PCBs mixture also in the presence of N-acetylcysteine induced 100% mortality and the glutathione content is similar to the PCBs mixture alone treated hepatocytes.
Coincubation of PCBs mixture and Nacetylcysteine gave similar protein sulfhydryl group content compared to PCBs mixture alone.
For measuring the Ca2+ concentration the isolated hepatocytes were loaded with Fura-2 prior to treatment with 1000 ppm PCBs mixture.
As shown in Fig.  3 high concentrations (1000 and 100 ppm) they are quite similar in the sense that they induce more or less the same pattern of events, also in the case of the lower concentrations (10 and 1 ppm) the effects are quite similar. Probably the hepatocyte is able to control the effects of PCBs up to a critical concentration, above which the toxic process is started. The observations of the blebs, considered to be an index of cytoskeletal sufference,10) also at the lower concentrations and their consequent disappearence should be considered in the sense that the hepatocytes can overcome some of the effects induced by the PCBs mixture. PCBs are quite inhert compounds and undergo to metabolism slowly, therefore their toxicity should be assumed to be direct and not through more reactive metabolites.
Nowadays some events have been proposed as critical for most of the cytotoxic effects occuring in the cells. These processes involve modifications of cellular glutathione levels, oxidation of protein sulfhydryl groups, lipid peroxidation and intracellular Ca2+ modifications.
By exposing the hepatocytes to the PCBs mixture increase in malondialdehyde, considered to be an index of lipid peroxidation, was not observed (data not shown) except at the time in which the hepatocytes were all dead. Because glutathione is an important factor in controlling the redox status of the cells9) investigation was carried on to verify if the cytotoxicity induced by PCBs was associated to glutathione modifications.
The level of glutathione depletion achieved with PCBs alone together with the lack of protection by Nacetylcysteine seem to suggest no involvement of glutathione in the PCBs cytotoxicity. The more marked depletion observed after 60 min of exposure is possible to be considered a consequence of the cell death rather than a cause. The same considerations can be drawn in the case of the protein sulfhydryl groups.
Quite important could be the observation of the small and transitory elevation of the cytosolic Ca2+ concentration few minutes after exposing the cells to the PCBs mixture. It is well known that intracellular Ca2+ modifications are involved in different physiopathological processes.
In the recent years Orrenius and coworkers showed the importance of Ca2+ modifications in cell toxicity by using different models.11) They also demonstrated that 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was able to induce thymocytes killing by binding to a corticosteroid receptor-like protein. This binding increase the cytosolic Ca2+ and bioactivating an endonuclease induce cell death by increasing DNA fragmentaction.12) This mechanism is probably one overexpression of the physiological process of the apoptosis, which can be induced for instance by glucocorticosteroids. Certainly the strict analogy in terms of chemical structure and biological effects between TCDD and PCBs indicate the possibility that the same events induced by TCDD may take place in the presence of PCBs. Moreover, it has been shown that metabolites of 
